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MODULAR HIGH-TEMPERATURE GAS FLOW SENSING ELEMENT 

FIELD OF THE INVENTION 
This invention relates to fluid flow sensing elements for measuring gas flow rates 

10 and, more specifically, to an area averaging Pitot tube arrangement, modular in design 

i 

I so as to provide an improved method of installation. It is useful in measuring gas flow 
Lij rates in piping or ducts with a large cross-sectional area and in high-temperature 

s 

Q applications. It is particularly useful in the boiler combustion systems wherein furnace 
retrofit projects require replacement of the combustion air flow measuring element 
1 5 I!' without damaging or altering significantly the furnace structure or duct work. 

BACKGROUND OF THE INVENTION 
The instrumentation and process control industry has recognized the use of the 
Pitot tube as a reliable device for measuring the volumetric flow of both liquids and 
20 gashes for many years. The Pitot tube operates based upon the principal that when a 
fixed probe is inserted into piping or duct work containing a moving fluid, the total 
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pressure sensed by the probe is the sum of the static pressure exerted by the fluid, 
whether in motion or at rest, and the dynamic pressure equivalent to the kinetic energy 
of the fluid in motion. Conventional Pitot tube arrangements provide measurement of 
both the static and total pressure of the flowing fluid, the difference between which is 
the dynamic pressure. This differential pressure, i.e. the dynamic pressure, is directly 
related to and can be used to calculate the linear flow rate within the piping or duct 
work. The volumetric flow rate of the fluid is determined by multiplying the linear flow 
rate by the cross-sectional area of the conduit. 

The Pitot tube is particularly useful in measuring gas flows in piping or duct work 
j with a large cross-sectional area because they cause negligible pressure loss within the 

I conduit. In application, it is well known that flow rates, and thus dynamic pressures, 

t 

i within a conduit are not uniform. Affected by variables such as the Reynolds number of 
the particular gas and turbulence caused by surface roughness, dampers, elbows and 
\ other fittings, the flow rate/dynamic pressure is generally higher toward the center of the 

■ conduit and lower towards the outer extremes. This phenomenon is described in terms 

I 

■ of a velocity profile, wherein a vector representation of the linear velocities at various 
points within the conduit defines a characteristic profile curve. The dynamic nature of 
the velocity profile precludes accurate measurement with a single Pitot tube. Rather, an 
accurate measurement of the flow within the conduit is obtained by placing the Pitot 
tubes at various positions on a cross-sectional plane, sampling the dynamic pressure at 
various points across the velocity profile, averaging them, and using the result to 
calculate a volumetric flow rate. 
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Presently, area averaging Pitot tube arrays consist of a fluid flow element 
wherein an inlet and an outlet is provided having a housing with the same internal 
dimensions as the fluid conduit. An interior flow conditioner, affixed at the inlet of the 
flow element, helps to minimize turbulence and produce a more uniform velocity profile. 
A total pressure sensing Pitot tube array traverses the interior cross-sectional area of 
the flow element for sensing the total pressure of fluid flowing therethrough. A static 
pressure sensing Pitot tube array traverses the interior cross-sectional area of the flow 
element for sensing the average static pressure therein. Each Pitot tube array is 
...... equipped with a common header that serves to average the individual Pitot tube 

|l pressures. Exterior instrument taps, connected to the respective common headers, are 
J provided for connection of each array to a differential pressure instrument for indicating 
ll flow rate and/or transmitting a flow rate signal. Using the aforementioned principles, this 
s signal is used to calculate the volumetric flow rate through the element. 



According to the preferred embodiment of the present invention, an improved 
fluid flow element incorporating the use of area averaging Pitot tube arrays is provided. 
The element contains an inlet and an outlet in a housing with the same internal 
dimensions as that of the fluid conduit. The element also contains an interior flow 
condifioner and a bell mouth inlet to direct the flow into the element while minimizing 
entrance pressure drop at the inlet side of the element. The element is modular in 
construction so as to allow installation in furnace retrofit applications where the size of 
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furnace access doors precludes the installation of a one-piece element. The element is 
comprised of equal sized sections, each of which is equipped with a total pressure Pitot 
tube array and a static pressure Pitot tube. The modular design allows for the use of 
shorter Pitot tubes, thus reducing undesirable effects of harmonic vibration and 
differential expansion caused by high fluid velocity and temperature, respectively. 
Common headers, equipped with individual instrument taps, allow for sectional flow 
measurement in each quadrant. Once the modules are installed, field piping is used to 
connect the total and static Pitot tube arrays, respectively, resulting in a single pair of 
instrument taps for flow determination across the entire element. 



FIG. 1 is a side orthographic view of a flow element module, according to the 



present invention, for use with a rectangular fluid conduit; 
FIG. 1 b is a schematic representation thereof; 
FIG. 2 is a front elevational view thereof; 
FIG. 2b is a schematic representation thereof; 
FIG. 3 is a rear elevational view thereof; 
FIG. 4 is a side elevational view thereof; 

FIG. 5 is a side orthographic view of individual flow element modules, according 
to the present invention, arranged and joined for use with a rectangular fluid conduit; 

FIG. 6 is a rear elevational view thereof; and 

FIG. 6b is a schematic representation thereof; 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
As shown in Fig. 1, a fluid flow element module, generally noted as 10, according 



l^ik to one embodiment of the present invention is disclosed having an inlet 11 in fluid 
iij communication with an outlet 12 mounted within a generally rigid housing 13. In its 

i 

yj preferred embodiment, the housing 13 is made with the same vertical internal 
Q dimensions as the fluid conduit in which it is to be utilized, and as shown in this 
Pi embodiment a rectangular housing 13 is provided. A first instrument tap 15 and a 
second instrument tap 17 are provided protruding outward from the housing 13, and will 
be described in greater detail below. An interior flow conditioner 16 is affixed at the 
inlet 1 1 of the fluid flow element module 10 in order to reduce swirls and distortions in 
fluid flow patterns, commonly experienced with plenum inlet configurations, as an air or 
gas enters the flow element inlet 1 1 . Such "flow straightening" is known to improve a 
fluid flow profile within the housing 13, thereby increasing reliable accuracy when the 
fluid flow element module 10 is utilized in plenum inlets which are unable to 
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accommodate long straight flow runs upstream from the inlet 11. In applications 
involving a ducted inlet instead of a plenum inlet, an interior flow conditioner 16 is of 
less importance and, in some instances, can be eliminated. 

As shown more clearly in FIG. 2 and also in FIG. 3, total pressure sensing Pitot 

5 tubes 20 are affixed traversing the interior cross sectional area of fluid flow element 

module 10 for sensing the total pressure of fluid flowing into the fluid flow element 
module 10. Also, a static pressure sensing Pitot tube 22 is affixed traversing the interior 
cross sectional area of the flow element 10 for sensing the static pressure within the 
flow element. These Pitot tubes 20,22 will be more clearly described below. This 

1 0 U arrangement allows for Pitot tube flow principles to be utilized, sensing the total 

II pressure of the flowing gas with the total pressure sensing Pitot tubes and the static 

y.l 

HI pressure within the conduit with the static pressure sensing Pitot tube. 

ui 

? As shown in FIG. 2, FIG. 3 and FIG. 4, first instrument taps 15 provide a 

c;l 

I' connection to the total pressure Pitot tubes 20 through a total pressure manifold 23 and 

rli 

15 second instrument taps 17 provide a connection to the static pressure Pitot tube 22. 
'^"^ These connections allow for the use of a differential pressure instrument for indicating 
flow rate and/or transmitting a flow rate signal. 

As shown in FIG. 2 and FIG. 3, the total pressure sensing Pitot tubes 20 are 
arranged in fluid communication with and anchored to a total pressure manifold 23. 
20 Each Pitot tube is affixed to the total pressure manifold 23 in a conventional manner, 
herein depicted as a readily available compression tube fitting 24. Each Pitot tube 20 
has a plurality of sensing ports (not shown) oriented so as to face directly toward the 
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inlet 11, thereby providing unrestricted fluid communication between the impacting fluid 
flowing into the fluid flow element module 10, through the Pitot tubes 20, and to the 
total pressure manifold 23. The total pressure manifold 23 thereby consolidates this 
combined pressure and communicates it to the first instrument tap 15. The static 
pressure sensing Pitot tube 22 is also arranged in fluid communication with second 
instrument taps 17, and anchored in an othenA/ise conventional manner, herein 
depicted as a readily available compression tube fitting 24. In an alternate embodiment, 
a plurality of static pressure sensing tubes may also be arranged in a manner similar to 
that of the total pressure sensing Pitot tubes, incorporating a static pressure manifold. 



10 The static pressure sensing Pitot tube 22 has a plurality of sensing ports (not shown) 
oriented so as to face perpendicular to the gas flow through the fluid flow element 



O;^ module 10. This pressure is communicated through the Pitot tube to the second 
3 instrument taps 17. In terms of contrast, classic Pitot tubes consist of a concentric 



=F double tube, the inside tube having a port facing into the flowing stream for sensing 

fU 

15 total pressure and the outside tube having radially aligned holes for sensing static 
pressure. 

As shown best in FIG. 2 and FIG. 3, the total pressure Pitot tubes 20 and the 
static pressure Pitot tube 22 are not placed randomly within the fluid flow element 
module 10. Rather, they are meticulously placed in a traversing manner. The total 
20 number and location of sensing ports (not shown) are positioned in accordance with 
formulas recommended by engineering standards organizations. Specifically, it has 
been found that by positioning the sensing ports according to the log-Tchebych^ff rule 
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or other formulas recommended by engineering standards organizations, rather than 
the older equal area method, greater accuracy can be achieved. The location of the 
sensing ports, determined by recognized engineering standards, take into account low 
velocity patterns at the duct or conduit walls, thereby minimizing the high-flow 
inaccuracies generated by Pitot array flow elements with sensing ports located using 
older, less accurate methods. 

As shown in Fig. 5, a fluid flow element 30 is comprised of a plurality of individual 
fluid flow element modules 10. The inside dimensions of the fluid flow element 30 are 
designed to match with the internal dimensions of the plenum or duct opening to which 
I it is connected. By way of example, in a cyclone furnace installation, the inside 
I dimensions of the fluid flow element 30 would be designed to match the inside 
I dimensions of tlie secondary air flow inlet. The seams 31 between the fluid flow 
element modules 10 are sealed in an appropriate manner, such as welding. This 
' modular design allows for installation in locations with limited access, such as industrial 
{ furnaces, where access doors preclude installation of a single, one-piece element. The 
fluid flow element modules 10 are pre-sized so that they will fit easily through access 
doors and install with a close tolerance fit in the plenum/duct opening. 

Once the fluid flow element 30 is installed, instrument piping 32 is installed in 
order to average the total and static pressure readings from the individual fluid flow 
element modules 10. As seen in FIG. 6, tee and elbow type pipe fittings 33 (pipe 
fittings) are used to connect the total pressure manifolds 23 via instrument piping 32. 
The piping serves to average the pressure sensed by the individual flow element 
REF: 971 1 028 REV: 02/01/99 



modules 10. The instrument piping 32 connects to third instrumentation taps 34, 
providing access to the averaged value. The static pressure sensing Pitot tubes 22 are 
connected and averaged by instrumentation piping and pipe fittings in a similar manner 
(not shown). 

It is believed that one major advantage of the present invention is that it creates 
an ability for "in-situ" calibration in an easy, accurate, and efficient manner. To 
accomplish this, the Pitot traverse tubes are used individually as averaging Pitot tubes 
to perform a flow calibration after installation, and while the element is in service. By 
communicating the total pressure traverse tubes 20 and static pressure traverse tubes 
22 to the corresponding pressure averaging manifold 23 through a three-way valve 35 
located exterior to the windbox, a test pressure port is thereby provided for isolating the 
manifold while in the testing mode. When closed, the three-way valve 35 would close 
the test port and direct the traverse tube pressure to the pressure averaging manifold. 
It is important that this isolation take place when testing the pressure with a test 
instrument so that the pressure from the traverse tube is the only pressure being 
measured during this particular "Pitot traverse". The total and static pressure manifolds 
would each have a common pressure connection to which the main flow measuring 
instrument would be connected for measuring the average differential pressure 
resulting from all of the total and static pressure traverse tubes. 

By connecting a sensitive differential pressure instrument to the test port of the 
three-way valve 35 for one of the total pressure traverse tubes, and to the 
corresponding static pressure traverse tube three-way valve 35 test port, a differential 
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pressure at that traverse tube in the flow element is obtained. Turning both of the 
three-way valves 35 back to the manifold position, the differential pressure (flow rate) 
indication of the total element at the time of the Pitot traverse is provided. This process 
is continued until a "Pitot traverse" is performed at each of the traverse tube locations. 
The result is then averaged to indicate total flow. During such a calibration, differential 
pressure at the flow element differential pressure connections would be constantly 
measured, thereby either verifying or providing adjustment to the calibration results. 

Such an arrangement would allow a user to perform periodic validation of the 
flow versus differential relationship in an easy, accurate manner without tremendous 
maintenance costs. 

In an alternate embodiment (not shown), the instrument piping is arranged in 
order to allow for obtaining flow data for each fluid flow element module 10 individually 
rather than as an average across the entire fluid flow element 30. In this embodiment, 
valves are used to isolate the differential pressure across a single fluid flow element 
module 10 from the totalization piping. Once isolated, instrumentation can be used to 
measure the flow through the single fluid flow element module 10 by attaching the 
instrument to separate instrument taps (not shown). 

In another alternate embodiment (not shown), instrumentation piping averaging 
is not performed. Rather, each fluid flow element module 10 is equipped with individual 
flow measurement instruments, thus providing flow values through each module which 
can be summed to arrive at a total flow value. 

While the preferred embodiments of the invention have been shown, illustrated, 
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and described, it will be apparent to those skilled in this field that various modifications 
nnay be made in these embodiments without departing from the spirit of the present 
invention, For that reason, the scope of the invention is set forth in the following claims. 
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